Although most ecological variables are scale-dependent, few studies compare scale-related variation in abundance, species richness, and assemblage structure. This study considered the spatial scaling of autocorrelation and the scale of influence of specific environmental variables in mangrove pneumatophore arthropod communities (Acari, crustaceans and insects), across seven spatial scales (from 10 cm to 100 km). The objective was to determine if resource and habitat availability determine spatial patterning in the system, and to identify the scale of transition in the community. Using uni-and multivariate spatial autocorrelation methods and a non-spatial dissimilarity-ANOVA, we identified the scales at which the community significantly changes. Generally, spatial autocorrelation was found to decrease with increasing spatial scale, with notable exceptions for the larger scales. For the abundance of common species, negative spatial autocorrelation was stronger at 10 km than at 100 km, while the opposite was true for rare species. Spatial autocorrelation in species richness decreased from 1 m (strong positive autocorrelation) to 10 km (strong negative autocorrelation), but was not significant at the 100 km scale. These patterns reflect the patchy distribution of pneumatophores within mangrove forests, and that of the forests along the coast, with an additional effect attributable to poor dispersal abilities of the arthropods in a highly dynamic environment. Although the amount of resources and habitat available to arthropods exhibited a similar autocorrelation scaling pattern to that of the community, pneumatophore mass did not appear to determine the scaling of autocorrelation observed in the arthropods utilizing this habitat. Variations in the abundance of common species, as well as restricted distribution of rare species caused assemblage structure to change differently with increasing distance, from 10 cm to 100 km. The 100 km scale clearly stood out as the most distinct, indicating 2 biogeographical, rather than ecological, differences. Beyond these results, this study highlights the need to combine univariate and multivariate approaches, across multiple scales, when investigating scale-dependent phenomena.
3 1998, Farnsworth and Ellison 1996) . For example, the type of substratum, from intertidal rock and Arctic ice to estuarine or deep-sea sediment, may greatly influence the distribution patterns of marine organisms across scales. The study of mangrove-arthropod systems is no less entangled. This is partly because few mangrove systems have been surveyed simultaneously across multiple scales, and partly because the distribution and abundance of mangroves and mangrove arthropods is affected by many factors operating at different scales (Farnsworth and Ellison 1996 , Farnsworth 1998 , Nagelkerken et al. 2008 . Although some studies have examined mangrove sediments over multiple scales, few have done so for the arthropods found on the pneumatophores of mangroves (see Nagelkerken et al. 2008) .
Therefore, to gain a better understanding of the spatial relationships in mangrove communities, comprehensive studies of such systems over multiple scales are required.
Here we investigate spatial and scale-related variability in an arthropod community associated with pneumatophores of the mangrove tree Avicennia marina (Forssk.) Vierh.
(Avicenniaceae) along the eastern coast of South Africa. The mangrove pneumatophore environment is one largely belonging to the marine realm, although terrestrial and freshwater influences are also strong. Arthropod distributions in mangrove pneumatophore habitats display patchiness at three levels. Individuals may be aggregated on a pneumatophore (Procheş and Marshall 2002a) , pneumatophores may be aggregated within mangrove forests (Saifullah and Elahi 1992) and the distribution of mangrove forest fragments along the coast may be patchy (Ward and Steinke 1982) . The first level of patchiness is not covered by the present study, but has been partly addressed elsewhere (Procheş and Marshall 2002a) , while the third level is excluded by sampling in mangrove forests only. The arthropod distributions under study are thus considered to reflect the aggregation of pneumatophores within mangrove forests at different scales (from plots to transects), across mangrove forests, and patterns of dispersal history (thus linking fundamental and realized niches, see Soberón 2007) . Within mangrove forests, additional spatial variation and transitions in community structure are likely to occur beyond the vertical stratification already recorded on single pneumatophores (Procheş and Marshall 2002a) .
In particular we aimed to understand the scaling behaviour of the mangrove pneumatophore arthropods, to determine if resource and habitat availability (pneumatophore mass) may spatially structure the community and to identify the scale of transition in community structure. Individual species and community variables were examined across seven spatial scales (from 10 cm to 100 km) within three mangrove forests; one of the largest orders of magnitude and number of scales considered for arthropods using a single sampling 4 design. Univariate comparisons were made between rare and common species, as well as multivariate comparisons between community parameters and pneumatophore mass, controlling for space. Predictions were as follows: (1) species would show positive autocorrelation across local scales, but negative at larger scales because of low dispersal abilities; (2) the scaling of autocorrelation in rare species should be shorter than common species because fewer propagules leave the natal site; (3) the community should be spatially autocorrelated at scales similar to (or smaller than) pneumatophore mass as pneumatophores are essential for the arthropods to establish.
Material and Methods

Sampling
Mangrove forests have a patchy distribution along the southern African coast, naturally occurring in open estuaries and bays (Macnae 1963) . Forest patch size varies from a few square meters to hundreds of hectares, and adjacent patches are often tens of kilometers apart.
The most abundant tree species in these forests is Avicennia marina (Forssk.) Vierh.. The pneumatophores of this species are pencil-like structures with a respiratory function (Tomlinson 1986) , emerging from the sediment of the mangrove forest floor at irregular intervals. Even in stands dominated by other tree species, Avicennia pneumatophores are present in high numbers, due to the broad coverage of subterranean roots. Pneumatophore density is variable, reaching 1000/ m 2 . Studies on pneumatophores have considered their size attributes, distribution (Saifullah and Elahi 1992, Beck 1998) , the algal assemblages they support (for southern Africa: Phillips et al. 1994 , 1996 , and the spatial distribution of their sessile faunas (sponges, cnidarians etc.), including spatial scaling (Bingham 1992, Farnsworth and Ellison 1996) . In southern African estuaries, the sessile communities on pneumatophores are impoverished or absent, while motile arthropod faunas dominate. The motile assemblages have been characterized both at fine (centimeters) and large (hundreds of meters -kilometers)
scales (Procheş et al. 2001 , Procheş and Marshall 2002b , Procheş 2004 ), but no cross-scale study is available.
Sampling was performed in April-August 2000, in three mangrove forests along the coast of KwaZulu-Natal (South Africa). The forest in Richards Bay covers an area of 427.5 ha and is divided by a 'berm' between a southern wildlife sanctuary, and a northern harbour. The forests at Beachwood (44 ha) and Bayhead (15 ha) are located within the eThekwini (Durban) metropolitan area (Ward and Steinke 1982) . One transect was set in each Richards Bay
Harbour, Richards Bay Sanctuary, Beachwood and Bayhead (Fig. 1) . The distance between the former two transects, as well as the distance between the latter two transects, was approximately 10 km. The distance between the Richards Bay and Durban localities ( Fig. 1) was 180 km, but for simplicity this will further be referred to as the 100 km scale. Five finer scales (1 km, 100 m, 10 m, 1 m, 10 cm) were considered in each transect, following a nested design (Underwood and Chapman 1998; Fig. 1) . This resulted in a total of 128 samples, allowing for comparisons between seven spatial scales. The environment within which sampling was conducted imposed some limitations on the sample layout, e.g. the distances between the sets of samples did not always represent the nominal values of their respective spatial scale. However, they did always represent between half and twice this value (e.g. double grids -nominally 100 m apart, were always between 50 and 200 m apart). The distance between the centers of the plots in a double plot, representing the 10 cm scale, was always 15
cm.
The meiofaunal arthropods on the Avicennia pneumatophores were collected within each of the 128 plots by cutting the pneumatophores at ground level and returning them to the laboratory, where they were extracted and counted following the method outlined by Procheş et al. (2001) . Barnacles were counted separately. Pneumatophore dry mass for each sample was considered as a surrogate measure of habitat and resource availability (see Procheş and Marshall 2002a) .
Taxa
The arthropods inhabiting Avicennia pneumatophores are characterized by their small size, generally low dispersal abilities, and high local abundance (Procheş et al. 2001 ). All arthropod specimens were identified to 'morphospecies' level, except for the harpacticoid copepods and the insect larvae, which comprised several species that were difficult to discriminate under a dissecting microscope. These two groups, representing respectively 16.86% and 10.16% of the total number of individuals, were excluded from the analyses. A total of 21 morphospecies were considered (14 Acari, 3 amphipods, 1 isopod, 1 tanaidacean, 1 barnacle, 1 collembolan; Table 1 ).
Single species analyses
One univariate method to study the scaling behaviour of ecological variables is to examine the spatial scaling of autocorrelation, viz. the distance at which the variable is no longer positively autocorrelated (cf. Engen et al. 2002) . The scaling of autocorrelation (here identified as the xintercept on a correlogram) is an approximation of the scaling of autocorrelation, or 'patch size' (Sokal and Wartenberg 1983) , for that variable. This is the distance over which the measured variable remains more similar than expected by chance at sites spaced at that distance or less, than at sites located further away. This method is used to document the spatial structure of populations and assemblages, and to estimate scales of variability in biological systems (Koenig 1999 , Radeloff et al. 2000 , Perry et al. 2002 . At local scales, where positive autocorrelation is usually observed, this may reflect the effects of biotic processes between patches such as dispersal, predation or disturbance (Legendre 1993). High levels of migration/dispersal ability are likely to increase the scaling of autocorrelation, i.e. positive autocorrelation will extend over larger distances (Engen et al. 2002) , while low dispersal ability has an opposite effect.
Here, Bonferroni-corrected correlograms (with Moran's I as an autocorrelation measure)
based on log-transformed data and using SAAP (Spatial Autocorrelation Analysis Program), ver. 4.3 (Wartenberg 1989) , were used to relate the autocorrelation of the variables (ordinate) against distance between samples (abscissa). A rectangular co-ordinates system was used with unequal (customized) distance classes (see Wartenberg 1989 ; each distance class represented one of the seven spatial scales considered). This resulted in 64, 128, 256, 512, 1024, 2048 and 4096 pairs, respectively, for the seven distance classes. According to Legendre and Fortin (1989) , autocorrelation values in distance classes containing more than 1% of the total numbers of pairs can be readily interpreted. Although the lowest number of pairs, 64, approximated 1% (0.8%) of the total number (8128), we consider and interpret the results for distance class one with caution.
To compare autocorrelation values between common and rare species, common species were defined as those present in more than 10% of the samples and representing more than 1% of the total number of individuals, while species not satisfying either of these conditions were considered rare. Species present in 2-4 samples were considered, while species present in only one sample were excluded from this analysis.
To assess the spatial scaling of autocorrelation, the x-intercept on correlograms was determined for all species, community parameters, and pneumatophore mass. These are likely to be similar if pneumatophore mass or a spatially structured variable determining pneumatophore mass is causal in structuring the species and community.
Community-level analyses
Measuring spatial variation in communities as opposed to individual species is confounded by sampling design complexity, the inability of multivariate procedures to deal with complexity and non-independence of measurements of dissimilarity ( Ecodist computes piecewise multivariate Mantel correlation statistics and correlograms that are able to control for the effect of non-linear relationships on structure that remain hidden in traditional Mantel analyses. Spatial structure is removed separately from each distance class (i.e. the relationship need not be linear) and ecodist is able to approximate the nonlinear (patchy) structure within the data (Goslee and Urban 2007). The program represents a significant breakthrough in multivariate spatial analysis.
In our system, we are thus able to investigate the linear and non-linear relationships between species richness or total abundance and pneumatophore mass across the spatial scales s a m p l e d , w h i l e c o n t r o l l i n g f o r t h e e f f e c t o f s p a c e . S i g n i f i c a n t c o r r e l a t i o n b e t w e e n t h e community variables and pneumatophore mass, besides common spatial structure, would be expected if habitat and resource availability (as measured by pneumatophore mass) drives community structure across spatial scales. The Mantel correlations were used to assess the contribution of the spatial relationships in community and pneumatophore mass variables (thereby accounting for the effect of pneumatophore mass on community structure versus the effect of a third, unmeasured variable on community structure). Resemblance matrices were constructed using Euclidean distances (for the matrix of geographic distances between pairs of sampling stations) and Bray-Curtis similarities (for community variables and pneumatophore mass). A non-significant partial Mantel test (see Legendre and Legendre 1998) between community variables (species richness and total abundance) and pneumatophore mass, when con tr ol l i ng f or th e eff ect of space an d wh en th e rem ai ni ng correl ati ons are si gnif i can t, suggests that the effect of a third spatially structured variable determines the observed spatial community structure. A non-significant partial Mantel test between community variables and a spatial matrix, controlling for pneumatophore mass, when the remaining correlations are significant, supports the hypothesis that the size of the resource available to be exploited (pneumatophore mass) controls the observed variation in community structure (see Legendre and Legendre 1998, Goslee and Urban 2007). All Mantel significance tests were performed using 10 000 randomisations.
An alternative method to overcome the problems of sampling design complexity, sampling effort and data non-independence identifies the scale of transition in community structure using Bray-Curtis similarity indices, and comparison of centroid (averaged) values across sites at a particular scale (Underwood and Chapman 1998). A nested ANOVA is then used to assess significant changes in community structure across sampling scales. The method allows the identification of the scale/s at which community structure changes, i.e. when a spatial transition in community structure occurs.
Here, Bray-Curtis dissimilarity values were calculated for pairs represented by one sample and the centroid of one set of samples it belonged to. Sets of samples were selected to represent all of the distance classes considered (a sample was compared with the centroid of
Results
Univariate approaches: scaling of autocorrelation
Of the twenty-one morpho-species from three classes that were identified (Table 1), 14 species were analysed, following the rationale outlined above. The strongest positive autocorrelation was observed at the 10 cm scale for eight (4 common, 4 rare) of the 14 species, and at 1 m for the remaining six (1 common, 5 rare) species (Table 2 (Table 2 ).
The most abundant species were often more strongly and positively autocorrelated over larger distances (up to 1km) than less abundant species (up to 1 km, 10 m, and 1 m with a decline in abundance) ( Table 2) . The x-intercept on the correlogram was generally between 1 km and <10 km for the common species and between 1 m and 100 m for the rare species (Fig.   3 a,b ). There was a significant relationship between the magnitude of Moran's I and species abundance in the first two distance classes (Fig. 4 ), although several rare species (Agauopsis sp., Uroobovella sp., Spheromatidae sp. and Anurida maritima) showed strong, positive autocorrelation in the 10 cm distance class (Fig. 3 , Table 2 ).
The autocorrelation functions of community and resource measures were similar, with
x-intercepts of approximately 1 km for total abundance, species richness and pneumatophore mass (Fig. 5) . Positive autocorrelation was, however, strongest for abundance, followed by species richness and pneumatophore mass (Fig. 5) . Total arthropod abundance closely followed the curve for the dominant species, Tanais philetaerus (which constituted 78% of the total arthropod abundance; Fig. 5 , cf. Table 2 ).
Multivariate spatial approach
Although the spatial patterns of community variables and pneumatophore mass were similar (Fig. 5) , the simple and partial Mantel tests revealed no significant relationships between the dissimilarity matrices of community variables and pneumatophore mass (Table 3) . Therefore, the size of habitat and resource available to the arthropods utilizing the pneumatophores played no role in structuring the community at the measured scales. Community variables and pneumatophore mass were strongly spatially structured and this structure resulted from a common spatial arrangement (Table 3) . Therefore, the observed community structure largely reflects spatial structuring in an unmeasured variable that also appears to be structuring pneumatophore mass similarly. The piecewise Mantel correlograms of species richness and total abundance on pneumatophore mass, given space, clearly revealed that resource and habitat availability did not significantly influence spatial structure (results not shown).
Multivariate non-spatial approach
At all scales except 100 km, some samples were highly similar to the centroids of their respective sample sets, while others were dissimilar, causing a wide scatter of the Bray-Curtis dissimilarity values within each scale (Fig. 6 ). There was therefore almost as much variability in arthropod community structure at the 10 cm scale as there was at the 10 km scale. However, there were significant differences between averaged dissimilarity values, which increased with spatial scale (Table 4 , Fig. 6 ). Three subsets of scales were significantly different; 10 cm -1 m, 1 m -10 km and 100 km. Maximum dissimilarity amongst samples appeared to asymptote at 1 km (Fig. 6, Table 4 ), whereas the range of differences between samples was narrowest at the 100 km scale (Fig. 6 ).
Discussion
Scaling of autocorrelation at short lags
The scaling of autocorrelation of all the species occurred at short lags of ≤1 km. Most marine organisms disperse as swimming larvae (Morgan 2001) , and this efficient type of dispersal has been said to be one of the major differences between marine and terrestrial habitats (Ricklefs 1990; Levin 1994) . Open-coast mangroves from constantly warm tropical waters are characterized by epiphytic communities where species with swimming larvae are dominant, and follow complex colonization patterns (Farnsworth and Ellison, 1996) . This is not true for the strictly estuarine mangroves in southern Africa, where the localized distribution of forests makes broad-scale dispersal less advantageous, and at the same time the survival of many typically marine organisms is precluded by temporarily low salinities. Among the twenty-one species of pneumatophore arthropods considered in our study, only the barnacle, Balanus amphitrite, disperses by means of swimming larvae. All the other species have crawling larvae similar to the adults, which can only disperse over limited distances (meters, tens of meters;
although occasional long-distance dispersal on floating debris is possible; Ş.P., pers. obs.).
The prediction of limited dispersal ability resulting in small patch size (Engen et al. . A three-scale study on nematodes (which also lack swimming larvae) from mangrove sediments largely confirms our results, with most (30%) of the variation in nematode populations being accounted by the smallest (5 cm) scale, 22% by the 5 km scale, and only 5%
by the 1,000 km scale (Hoda 1990) . It is interesting that indeed the one species with planktonic larvae (Balanus amphitrite) was the only one with a second peak in autocorrelation (at the 100 m scale; see Table 2 ). This indicates a hierarchical patch structure, with the larger patch size probably being the effect of larval dispersal.
Although the low dispersal abilities of the species led us to believe that scaling should occur at shorter lags, the scaling of autocorrelation also clearly varied with species abundance.
For the most abundant species (Tanais philetaerus), autocorrelation dropped substantially from 100 m to 1 km, and even more from 1 to 10 km. For the other common species, scaling/patch size was between 1 km and <10 km. For most of the rare species scaling occurred between 1 m and 100 m, while that for the two rarest species was between 10 cm and 1 m. As sample sizes were the same for the rare and common species, the observed differences in the scaling of autocorrelation for rare and common species are likely to reflect real differences between the species.
Because abundance changes faster than occupancy, i.e. a species will first increase in abundance at a site before increasing its occupancy of sites (Gaston 2003) , this is likely to initially strengthen the magnitude of Moran's I at finer spatial scales and then to increase the It is worth discussing the case of the few species aberrant in terms of the abundanceMoran's I relationship (outliers in Fig. 4 ). These are either species of (evolutionarily recent) terrestrial descent, ('secondary marine' arthropods; Procheş 2001 Procheş , 2004 , such as Anurida maritima and Uroobovella sp., or species that typically inhabit rocky shore/reef systems (with different habitat structure; Beck 1998 , Mumby 2001 , such as Agauopsis s p . a n d
Spheromatidae sp. These species may display different spatial patterns of clustering depending on the abundance of the species in the observation area (see van de Koppel et al. 2008) . Such alternations between dense beds of clustering and isolated clusters depending on abundance would remove the general relationship observed between I and abundance across sites, observed for most of the species examined here. On removing these species, the correlation for typically estuarine arthropods (all other species) is excellent (10 cm: F 1,12 =48.12, r 2 =85.78 %, p<0.0001; 1 m: F 1,12 = 71.93, r 2 =89.99%, p<0.0001).
Resource-consumer differences in scaling
Most of the penumatophore arthropods feed either on the algae growing on the pneumatophores, or on organic debris trapped within the algae, the amount of which is strongly dependent on pneumatophore density and size (Procheş and Marshall 2002) . In the case of predatory species (e.g. Leioseius sp.), pneumatophore surface area equals foraging area (Procheş and Marshall 2002) , therefore the dry mass of the pneumatophores (which are regular-shaped structures) represents a reasonable surrogate for both habitat availability and resource availability.
Interestingly enough, although the magnitude of fine-scale autocorrelation was higher for biotic variables than for the mass of the pneumatophores, the scaling of autocorrelation was larger in the case of pneumatophore mass, indicating larger patch size for the resource than for that of the inhabitants/consumers. This has also been observed in more dynamic systems comprising fish and seabirds (Logerwell et al. 1998) . Our results were contrary to the expectation that pneumatophore mass was the primary factor influencing community patterns.
The Mantel results revealed that these reflect the spatial pattern of an unmeasured variable that structured both the community and pneumatophore mass, rather than the community being structured by habitat and resource availability (determined from pneumatophore mass).
The distribution of populations and assemblages is generally limited to suitable patches of habitat, within which environmental variables vary to a lesser extent, as compared to the surroundings (see Legendre and Fortin 1989; Logerwell et al. 1998) . At the same time, the existence of non-inhabited patches can, by mere distance effects, impose barriers resulting in local isolation. In a dynamic environment, each patch is characterized by its own processes of colonization, population growth, and extinction, leading to differences in community structure and species abundance among patches (MacArthur and Wilson 1967; Rosenzweig 1997 ). In the presence of an environmental gradient, these differences will tend to increase with increasing distance. Even if abiotic gradients are absent, biotic gradients derived from patch history and dispersal processes cause similar effects, particularly at fine scales (Levin 1992).
The unmeasured variable responsible for species patterns may have to do with properties of the sediment, tidal factors (in relation to elevation above/below the average water level), temperature (in turn connected with daily direct exposure to sunlight -influenced by tree shade; indeed tree shade does not extend as far as the pneumatophores), crab burrows, or other factors (see Nagelkerken et al. 2008) . Since the pneumatophores themselves are not the main drivers (suggesting that pneumatophores as a resource are not limiting), the arthropod pneumatophore community structure may be structured similarly to the sediment arthropod communities (cf. Underwood and Chapman 1998).
Community structure transitions
Community structure is defined by species identity, richness and relative abundance (Clarke and Warwick, 1994) , thus combining all the single factors discussed above. And indeed, community structure, similar to single-species measures, became more dissimilar with increasing spatial scale. At all scales but 100 km, there was a broad scatter of the dissimilarity values, indicating mixed (narrow and broad) variation in assemblage structure, while at the 100 km scale, variation was consistently broad (Fig. 6) . These results are supported by the separate analyses of rare and common species where variations in scaling of autocorrelation were found across species.
Three subsets of distances were separated in terms of a transition in community structure by the post-hoc test following the ANOVA procedure (Table 4) . Subset 'a' (10 cm -1 m) corresponds to distances smaller than the patch size of most species, thus representing spatial scales below point (or alpha) diversity (sensu Whittaker 1972 , see Rosenzweig 1997 . Subset 'c' (100 km) is clearly the most distinct, as most species (especially the rare ones) are replaced at the 100 km scale, indicating that the transition from ecological to biogeographical variation (see Cornell and Lawton 1992) happens somewhere between the 10 km and the 100 km scales.
Such faunistic differences along the KwaZulu-Natal coast have been observed by Macnae (1963), who considered the mangroves in Durban to belong to a southern province, and those in Richards Bay, to a northern province (although, with a different choice of localities, more than 1,000 km could have been needed to capture an equal amount of species turnover).
Subset 'b' (1 m -10 km) comprises those scales that are probably most meaningful for community studies on pneumatophore arthropods, as ample variation is contained here, without entering the domain of geographical transitions.
If mangrove forests are in several ways intermediate between marine and terrestrial worlds, the pneumatophores themselves are unique structures, specific to this environment.
Although we show here that their biomass in itself is not critical in determining the cross-scale structuring of the arthropod communities inhabiting them, these communities are nevertheless an important and distinctive constituent of mangrove ecosystems. As such, their spatial structuring needs to be considered in the conservation and management of this ecosystem.
Recently, Nagelkerken et al. (2008) pointed out that "a challenge for future research is separating the roles of mangroves from those of estuaries and other shallow-water habitats, to help determine the appropriate temporal and spatial scales for habitat protection". Indeed, human intervention affects mangrove ecosystems across several scales. In southern Africa, changes in freshwater input into estuaries are causing entire forests to disappear through estuary closure, thus causing biogeographical effects by creating gaps in dispersal. At finer scale, age-group targeted tree felling, as well as pollution, result in microenvironmental changes. This study suggests that the former are more likely to affect community structure, but the latter may be endangering the local survival of specific populations.
Pneumatophore arthropod assemblages contain species of both marine and terrestrial ancestry, and are influenced by physical factors from both environments. It is expected (Ricklefs 1990 , Levin 1994 ) that different spatial patterns would occur between typical marine and terrestrial ecosystems, as indicated by a number of available studies (e.g. Cornell 1985; Underwood and Chapman 1996) . For this system, the scaling behaviours of the community and pneumatophore mass were similar and may thus be predictable (Wu et al. 2002) , however, variations in scaling were observed across species. To fully verify this and the differences/similarities between marine and terrestrial ecosystems, studies using standardized nested hierachical schemes, similar to the one presented here, would have to be conducted comparatively between these environments, while the present study could serve as an intermediate marine/terrestrial example. samples. In our study, the method was applied to a set of 128 samples. 
